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Upper limits, Joint Likelihood of 10 dSphs
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Upper limits, Joint Likelihood of 10 dSphs
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Complementarity

Indirect Detection

Upper limits, Joint Likelihood of 10 dSphs
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Complementarity

GO . SIC complementary

Web Images Maps Shopping More -~ Search tools

com-ple-men-ta-ry

/ kampla'ment(a)ré/ €

Adjective

1. Completing; forming a complement.

2. (of two or more different things) Combining in such a way as to enhance or
emphasize each other's qualities.

Synonyms
supplementary - additional - further - expletive




Complementarity

about this?



Phenomenological MSSM

Study detectability of SUSY DM in the context of the Phenomenological MSSM
(PMSSM; Berger et al. 2009)

= More flexibility that highly constrained MSSM scans (i.e. cMSSM or mSUGRA)
= Describe the range allowed physics rather than the “best-fit” SUSY models

Model set generated from a numerical scans over the 19-dimensional parameter
space of the pMSSM parameters (see Cotta et al. 2011, Cahill-Rowley et al.
2012)

= 10 squark masses, 3 gaugino masses, 3 tri-linear couplings, 3 Higgs sector
parameters

Apply current experimental constraints:

= Collider searches; CMS/ATLAS

= Direct Detection WIMP-Nucleon Cross Section Limits (XENON100)
x Upper bound on WIMP Relic Density (WMAP7): Qom h? < 0.123

~200k model points survive, each of which have uniquely described observables

More details in talks by A. Ismail (Thurs.), R. Cotta (Thurs.), M. Wood
(Thurs.), M. Cahill-Rowley (Thurs.), T. Rizzo (Fri.), R. Cotta (Fri.)



Fermi-LAT Observations
of Dwarf Galaxies

Strigari arXiv:1211.7090

 Dwarf galaxies are some of the most dark
matter dominated objects in the universe

e Dark matter content can be assessed
through the study of stellar kinematics

 Assume that the same dark matter particle

in all dwarf spheroidal galaxies 40 60 80 100 120 140
Distance [kpc]

 Perform a combined likelihood analysis of
multiple dwarfs with 2 years of data

i Upper limits, Joint Likelihood of 10 dSphs
* Predicted flux for each dwarf will depend on 3x10° «-« u*u" Channel
individual dark matter content (J-factor) = % Channel W*W" Channel

-= 77 Channel

o Statistical uncertainties in J-factor
determined from stellar kinematic data.

* Fit backgrounds independently for each
dwarf
* Include uncertainty in the dark matter
content as nuisance parameters in the
likelihood

WIMP cross section [cm® /s]

Ackermann et al., 2011

10°
WIMP mass [GeV]




Future Observations

DES Survey Footprint (Rossetto et al. 2011)

e Improvements to the LAT dataset:

i : - Boo lll

e Longer integration time . 8 e ‘
¢® Boo b er

e Improved LAT performance ~15Boojll,:

e More complete sample of dwarf
galaxies:

e DES will probe the population of
faint satellite galaxy out to a radius

~120 kpC (ROSSGttO et al. 201 1) 4-Yr Pass 7 Median Expected Limit
4-Yr Pass 7 Expected Limit, +30 dSphs
¢ Predicted that DES could discover 241l 10-Yr Pass 7 Expected Limit, +30 dSphs

19 to 37 new satellite galaxies
(Tollerud et al. 2008)

e Investigate a factor of 10 increase in
LAT sensitivity to dwarf galaxies.




Cherenkov Telescope Array

e Examine CTA performance including a US
contribution of 36 mid-sized telescopes

e Relative to current ground-based
instruments:

¢ 10x increase in sensitivity

¢ 10x increase in core energy range
e Decreased energy threshold

¢ Increased angular resolution

.. CTA GC b-bbar (500h)

e Galactic center presents best dark matter = CIASON NFW |
- LAT 10-year Predicted ||
target 1 Thermal Cross Section | |

e 500h observation

e 95% C.L. sensitivity assuming NFW
profile

e Annular region surrounding GC to
minimize foregrounds (H.E.S.S.-style
analysis)

More from M. Wood (Thurs.)
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e Bino
Bino-Higgsino

Wino
Bino-Wino

e Higgsino

Wino-Higgsino

Predicted 10-year
Fermi-LAT dSphs

Predicted 500h
CTA GC
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pMSSM Exclusion Fraction

Fermi-LAT Exclusion CTA Exclusion
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——  XENONI1T e Excluded by DD only
e Survives DD and ID e Excluded by DD and ID
e Excluded by ID only

m(Y, ) (GeV)



— XENONI1T e Excluded by LHC only
e Survives LHC and ID e Excluded by LHC and ID
e Excluded by ID only

m(Y, ) (GeV)



Colliders Spin-Independent Direct Detection
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——  XENONI1T e Excluded by DD only
e Survives DD and ID e Excluded by DD and ID
e Excluded by ID only
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— XENONI1T
e Survives DD and ID
e Excluded by ID only

e Excluded by DD only

e Excluded by DD and ID

DD : 100%
ID : 11%
LHC : 32%

DD : 6%
ID : 1%
LHC : 42%

: 95%
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Conclusions

e Indirect detection is approaching the tip of the SUSY iceberg.
e A high-mass Wino/Higgsino band lies just below the surface.

¢ Indirect detection constraints will meaningfully impact high-
mass models

 Regions of high-mass, low scattering cross section may
only be detectable through indirect means (complementarity
in constraint).

 Region of extensive overlap between direct and indirect
detection provide multiple handles for characterization
(complementarity in detection).
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~
s, crmi Joint Likelihood Analysis

Ckl""“d ray
S pace T(‘lr} sCope
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« Assume same dark matter particle in all dwarf
spheroidal galaxies

i
« Perform a combined likelihood analysis of %(E,y,qb, o) — 41 ;nzg'”’”'” =3 g’y By
multiple dwarfs ! i et
— Predicted flux for each dwarf will depend on X
individual dark matter content (J-factor)
- Ir_nclude _statistical uncertainties from stellar g dQ’/ 02 (r(l, ¢"))di(r, qy)]
kinematic data. AQ(¢,9) los

— Fit backgrounds independently for each dwarf
e Joint likelihood function:

L(D \%» {px}) = | [Lk*" (Dk | P, PK)
k
Shared by all dwarfs % ! o— (10810 (Jk)—logy(Jk))* /207,
(dark matter particle 111(10) J\2moy

parameters)
Fit for each dwarf ;

background sources . .
( J ) Uncertainty in J-factor

Alex Drlica-Wagner | Fermi DM Overview | Ackermann et al., arXiv:1108.3546 |20
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